EP 1723 319 B1

Patent Office

desrevers (11) EP 1723 319 B1

(1 9) ’ o Hllm”‘ ‘llH H“‘ Hll‘ |H‘| Mll ’l”l |”H |”H |H‘| ‘lm ’l”l |H‘| Hll‘
Patentamt
0 European

(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.
of the grant of the patent: FO1L 9/02(2006.01)

08.09.2010 Bulletin 2010/36
(86) International application number:

(21) Application number: 05711072.8 PCT/SE2005/000212

(22) Date of filing: 17.02.2005 (87) International publication number:
WO 2005/078245 (25.08.2005 Gazette 2005/34)

(54) A METHOD OF GENERATING PRESSURE PULSES, A PRESSURE PULSE GENERATOR AND A
PISTON ENGINE PROVIDED THEREWITH

VERFAHREN ZUR ERZEUGUNG VON DRUCKIMPULSEN, DRUCKIMPULSGENERATOR UND
DAMIT VERSEHENER KOLBENMOTOR

PROCEDE DE PRODUCTION D’IMPULSIONS DE PRESSION, GENERATEUR D’IMPULSIONS DE
PRESSION ET MOTEUR A PISTON ASSOCIE

(84) Designated Contracting States: (72) Inventor: HEDMAN, Mats
AT BEBG CH CY CZ DE DK EE ES FI FR GB GR S-640 34 Sparreholm (SE)
HUIEISITLILT LUMC NL PL PT RO SE SISKTR

(74) Representative: Fréderberg, Anders Oskar

(30) Priority: 18.02.2004 SE 0400390 BRANN AB
Véastgotagatan 2
(43) Date of publication of application: P.O. Box 17192
22.11.2006 Bulletin 2006/47 104 62 Stockholm (SE)
(73) Proprietor: Cargine Engineering AB (56) References cited:
254 38 Helsingborg (SE) WO-A-02/04790 WO-A1-03/102385

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been
paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 1723 319 B1 2

Description
TECHNICAL FIELD

[0001] The present invention relates to a method of
generating pressure pulses in accordance with the pre-
amble of patent claim 1.

[0002] Italsorelates to a pressure pulse generator ac-
cording to the preamble of patent claim 11, and a piston
engine provided therewith.

[0003] The pressure pulses generated by a fluid that
is permitted to flow in a circuit in the pressure pulse gen-
erator are suitably used for controlling and operating an
inlet or outlet valve to the combustion chamber of a com-
bustion engine. The pressure pulse transmitting body
may then be an integrated part of such a valve, preferably
the valve stem in the case when the pressure fluid is a
liquid, or a piston connected with the valve stem and driv-
en in a cylinder, in case that pressure fluid is a gas. Al-
ternatively, said body may be separate and arranged to
act against an existing valve stem. The pressure pulse
generator and the method of controlling the latter can be
used for the purpose of controlling the height of lift of the
valves, i.e. how much the valves are to open, and the
opening times of the valves, i.e. the crank angle grade
at which the opening and closure thereof is to take place.
[0004] Pressure pulses that are generated by means
of a pressure pulse generator may also be used for the
purpose of controlling the movements of a piston, a VCR-
piston (VCR=Variable Combustion Ratio), for the varia-
tion of the cylinder volume of a combustion chamber,
and, accordingly, the compression ratio, of a combustion
engine. If the pressure fluid is a liquid, the pressure pulse
transmitting body is, suitably, a stem that acts against or
is connected with such a piston, said piston then being
displaceably arranged back and forth in a cylinder con-
nected with the combustion chamber. If the pressure fluid
is a gas, it can be permitted to act directly against the
piston on a side thereof opposite to the one thatis directed
towards the combustion chamber. The spring load that
acts onthe pressure pulse transmitting body in a direction
towards the chamber of the pressure pulse generator
may then be a direct result of the gas pressure that exists
in said cylinder, and the combustion chamber, or may,
but need not, be accomplished by means of a physical
spring.

[0005] Suitably, the pressure pulse generator compris-
es a control unit that, electronically, and based on the
position of the pressure pulse transmitting body or the
position of a piston in a piston engine (crank angle grade),
controls valves for the regulation of the flow of the pres-
sure fluid and, thereby, the initiating of the pressure puls-
es.

[0006] "Chamber", as used in this application, is re-
ferred to as a space in which the pressure fluid is accom-
modated and should be regarded in a wide since. In the
application, a chamber is said to be divided into a first
and a second part. Of course, it is also possible to regard
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such unit as consisting of two separate chambers or
spaces divided by a channel. The meaning is, however,
the same.

[0007] "Conduct", as it is used in this application,
should also be regarded in a wide sense, and may, ac-
cordingly comprise a tubular conduit or a conduit formed
by a channel arranged in a piece of material.

THE BACKGROUND OF THE INVENTION

[0008] Itis widely known to drive spring loaded poppet
valves of combustion engines, hereinafter named engine
valves, by means of a hydraulic pressure pulse genera-
tor. For example, US 6 067 946 discloses the opening of
an engine valve by an application of a hydraulic pressure
onto a piston that is connected to the valve. The hydraulic
pressure either comes from a high pressure source or a
low pressure source. The application of the hydraulic
pressure is performed by means of a pressure control
device based upon signals that are received from an elec-
tronic control member. The hydraulic pressure is applied
in such a way as to minimize the energy that is required
for the activation of the valve while, at the same time, the
inertia of the valve is taken advantage of. The described
system comprises means for opening/interrupting the
communication between the high pressure source and
the chamber in which the piston is arranged, and means
for opening/interrupting the communication between the
low pressure source and said chamber.

[0009] The method disclosedin US 6 067 946 includes
that the high pressure source is brought in the commu-
nication with the chamber while the valve is displaced in
adirection out of the chamber, i.e. to the opening position
of the valve. When the valve gets close to a maximally
open position, the communication between the chamber
and the high pressure source is interrupted and, instead,
acommunication between the chamber and the low pres-
sure source is opened. In that way, a braking of the valve
is accomplished before it reaches its end position. When
the valve has reached this position, it can be locked in
that position by interrupting both of said communications.
When the valve is to return to its closed position, the
communication between the low pressure source and
the chamber is re-opened, whereby the pre-loaded
spring force displaces the piston into the chamber. When
the valveis close to its closed position, the home position,
the communication between the high pressure source
and the chamber is opened and the communication be-
tween the low pressure source and the chamber is inter-
rupted. In that way, a braking of the movement in this
direction is achieved. When the valve has reached its
home position both communications may be interrupted
to keep the valve in this position. In this way, the time
during which the valve is open is controlled.

[0010] The drawback of this prior art is that the hydrau-
lic liquid which comes from the high pressure source and
is used for the projection of the valve to the open position
thereof is almost completely further conducted to the low
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pressure source, whereby there is a significant loss of
energy.

[0011] WO 02/04790 A, in the name of the present
applicant, discloses a pressure pulse generator with fea-
tures corresponding to a certain degree with those of the
pressure pulse generator of the present invention. How-
ever, also in WO 02/04790 the pressure pulse generator
is arranged to operate in such a way that essentially all
the fluid that is delivered from a high pressure source
and used for generating pressure pulses is further con-
ducted to a low pressure source, either in an open or in
a closed circuit.

THE OBJECT OF THE INVENTION

[0012] Itis anobject of the presentinvention to provide
a method and a pressure pulse generator that makes it
possible to minimize the losses of energy in connection
to a pressure pulse generation, in particular in connection
to a displacement of an engine valve of a combustion
engine between the open and closed positions thereof,
or a displacement of a VCR-piston.

[0013] Itis a further object of the invention to achieve
the primary object by means of a pressure pulse gener-
ator construction, which is as uncomplicated and reliable
as possible.

SUMMARY OF THE INVENTION

[0014] The primary object of the invention is achieved
by the initially defined method, characterized in that the
communication between the high pressure source and
the first part of the chamber and the communication be-
tween the low pressure source and the second part of
the chamber are kept interrupted while the communica-
tion between the first and second parts of the chamber
is opened and a displacement of the body out of the
chamber is accomplished,

and the communication between the first and second
parts of the chamber is kept open for a re-establishment
of a high pressure in the first part of the chamber while
the body, by the spring load, is displaced back towards
a retracted start position while the communication be-
tween the high pressure source and the first part of the
chamber and the communication between the low pres-
sure source and the second part of the chamber are kept
interrupted.

[0015] When said body is on its way back to or is al-
ready back in its maximally retracted position, the com-
munication between the two parts of the chamber is in-
terrupted and the communication between the first part
of the chamber and the high pressure source is opened
in order to fully re-establish the pressure in the first part
of the chamber.

[0016] In other words, the pressure fluid present in the
first part of the chamber will act as a pressure fluid spring
that, repeatedly , is pre-loaded as the body is returned
to the start position and when the communication be-
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tween the two parts of the chamber is interrupted, which,
suitably, takes place when the pressure pulse transmit-
ting body is on its way to a home position, that is the
position in which it is maximally retracted into the cham-
ber. In the preferred case when the body in question acts
against or is connected with a valve stem or a piston
connected with the valve of an engine valve, this position
corresponds to the home position of the valve, i.e. the
closed position.

[0017] In particular when the pressure fluid is relatively
incompressible, such as a liquid, and when the pressure
pulse transmitting body is a stem, for example a valve
stem, the communication between the first and second
parts of the chamber is interrupted and the communica-
tion between the high pressure source and the first part
of the chamber as well as the communication between
the low pressure source and the second part of the cham-
ber are kept interrupted when, or at least in connection
to when, said body reaches a maximally projected posi-
tion. Thereby, a locking of said body in this position is
accomplished. In the case of an engine valve, the time
during which the valve is open is controlled in this way.
The communication between the first and second parts
of the chamber is then opened when the pressure pulse
generating body shall be permitted to return to its starting
position, or its maximally retracted position. The spring
force that acts on the body in a direction towards the
chamber and that has been built up during the displace-
ment of the body to the projected position will thereby
overcome the force that the hydraulic liquid in the cham-
ber exerts on the body, resulting in a rapid return of the
body.

[0018] However, a certain amount of energy has been
lost during the displacement described above, and the
spring force will not be sufficient for a total return of the
body. In order to permit such a total return, the method
according to the invention includes that the communica-
tion between the low pressure source and the second
part of the chamber is opened and is kept opened during
a final stage of the return movement of said body into the
chamber, in order to permit the body to return to a max-
imally retracted starting position.

[0019] Preferably, the pressure pulse transmitting
body is connected to a spring loaded inlet or outlet valve
oraVCR-piston, of acombustion engine, and, preferably,
the height of lift of the valve, or the length of the stroke
of the piston is controlled by a control of the pressure that
is provided in the first part of the chamber through the
high pressure source.

[0020] The time during which the spring loaded inlet
or outlet valve is kept in an open position is thereby con-
trolled by a control of the time during which the commu-
nication between the first and second part of the chamber
is kept interrupted when said body is in its maximally
projected position. This is particularly relevant when the
pressure fluid is a liquid.

[0021] The primary object of the invention is also
achieved by means of a pressure pulse generator ac-
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cording to the invention, characterized in that it com-
prises means for opening/ interrupting the communica-
tion between the first part of the chamber and the high
pressure source, and means for opening/ interrupting the
communication between the second part of the chamber
and the low pressure source, and an operable valve body
for opening/interrupting the communication between the
first and second parts of the chamber. These means and
said operable valve body are arranged for opening and
interrupting said communications to perform the steps of
the method according to the invention. The invention per-
mits a preloading of the first part of the chamber and a
full return of the pressure pulse transmitting body to its
starting position.

[0022] According to a preferred embodiment, the
means for opening/interrupting the communication be-
tween the first part of the chamber and the high pressure
source are electromechanically operated. Itis particularly
preferred that the means for an electromechanically op-
erated opening/ interrupting of the communication be-
tween the first part of the chamber and the high pressure
source comprises a solenoid-activated valve body. Also
the means for opening/interrupting the communication
between the second part of the chamber and the low
pressure source has this feature. In that way, a computer
program-controlled activation of any present valve body
can be performed, and a very precise control of the pres-
sure pulses is achieved.

[0023] According to a preferred embodiment of the in-
vention, the operable valve body that is used for opening/
interrupting the communication between the firstand sec-
ond parts of the chamber also constitutes a valve body
of the means for opening/ interrupting the communication
between the first part of the chamber and the high pres-
sure source. In this way the amount of components re-
quired for the pressure pulse regulation is reduced.
[0024] According to another preferred embodiment,
the operable valve body that is used for opening/inter-
rupting the communication between the first and second
parts of the chamber also constitutes a valve body of the
means for opening/interrupting the communication be-
tween the second part of the chamber and the low pres-
sure source. This further contributes to the reduction of
the number of components that are required for the pres-
sure pulse regulation. In the case in which the valve body
is a slide valve, the invention includes that the conduits
between the chamber and the high pressure source and
the low pressure source respectively are positioned such
that they are intersected by the slide valve, and such that
the slide valve also intersects a connection between the
first and second parts of the chamber, and thus can be
used for opening/interrupting the communications in
each of these conduits-connections.

[0025] As an alternative or supplement to the means
that have been mentioned above for opening/interrupting
the communication in the conduit to the high pressure
source, the means for opening/interrupting the commu-
nication between the first part of the chamber and the
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high pressure source may comprise a portion with a re-
duced circumference or include an opening in the pres-
sure pulse transmitting body, said portion being posi-
tioned in order to open for a communication when said
body is close to or in a starting position in which it is
maximally retracted into the chamber.

[0026] In a corresponding way, said means for open-
ing/interrupting the communication between the second
part of the chamber and the low pressure source may
comprise a portion with a reduced circumference or an
opening in the pressure pulse transmitting body, staid
portion being positioned for the purpose of opening for a
communication when said body is close to a starting po-
sition in which it is maximally retracted into the chamber.
However, it is important that this communication is once
again interrupted when the starting position has been
reached, in order to prevent high pressure liquid from
draining out that way when the communication between
the two parts of the chamber is re-opened upon the start-
ing of the following projection movement. The pressure
pulse transmitting body intersects the conduits between
the chambers and the high pressure source and the low
pressure source respectively.

[0027] It should be realized that the first part of the
chamber has a volume that is adapted in order to enable
the highly pressurized liquid gathered therein to act as a
liquid spring, the triggering of which causes a displace-
ment of the pressure pulse transmitting body from a max-
imally retracted position to a projected position against
the spring load that acts on said body in the opposite
direction. Said spring load may be the effect of a valve
spring of a poppet valve of a combustion engine.
[0028] Alternatively, if the pressure fluid is a gas, it
should act against a larger area on the pressure pulse
transmitting body then what is normally possible if the
latter is a valve stem. In such case, the pressure pulse
transmitting body is preferably constituted by a piston
thatis arranged movably back and forth in a cylinder and,
for example, connected with or provided in a force trans-
mitting contact with the valve in question. The body may
also constitute the piston itself of a VCR-piston. The gas
acts directly against the end surfaces of the piston. More-
over, the volume of the first part of the chamber is dimen-
sioned in order to enable a high pressure gas gathered
therein to act as a gas spring, the triggering of which
causes a displacement of the pressure pulse transmitting
body from a maximally retracted position to a projected
position against the spring load that acts on said body in
an opposite direction.

[0029] Preferably, the pressure pulse generator com-
prises a control unit with a computer program for control-
ling the means for opening/ interrupting the communica-
tion between the first and second parts of the chamber
and between the first part of the chamber and the high
pressure source and between the second part of the
chamber and the low pressure source in accordance with
the inventive method, based on an information about the
position of the pressure pulse transmitting body or a body



7 EP 1723 319 B1 8

connected therewith, and/or based on an information
about the position of a piston that operates in the com-
bustion chamber of a piston engine.

[0030] The invention also relates to a piston engine
with a valve for an introduction or a discharge of air or
an air/fuel mixture to a combustion chamber, character-
ized in that it comprises a pressure pulse generator ac-
cording to the invention for the operation of said valve.
[0031] The invention also relates to a piston engine
with a VCR-piston connected to a combustion chamber
of the engine, characterized in that it comprises a pres-
sure pulse generator according to the invention for op-
erating said VCR-piston.

[0032] Further features and advantages of the inven-
tion will be disclosed in the following, detailed description
and in the remaining patent claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0033] Hereinafter, the invention will be described by
way of example with reference to the annexed drawings,
on which:

Fig. 1 is a schematic cross section of a pressure
pulse generator according to a first embodiment of
the invention,

Fig. 2 shows a second embodiment of the pressure
pulse generator according to the invention,

Fig. 3 shows a third embodiment of the pressure
pulse generator according to the invention,

Fig. 4 shows a fourth embodiment of the pressure
pulse according to the invention,

Fig. 5 shows afifthembodiment of the pressure pulse
generator according to the invention,

Fig. 6 shows a sixth embodiment of the pressure
pulse generator according to the invention, and

Fig. 7 shows a seventh embodiment of the pressure
pulse generator according to the invention.

DETAILED DESCRIPTION OF THE INVENTION

[0034] Fig. 1 shows a first embodiment of pressure
pulse generator according to the invention. The pressure
pulse generator comprises a body 1 that encloses a
chamber 2, which, in its turn, can be regarded as divided
into a first part 3 and a second part 4. The first part 3 has
a larger volume than the second part 4, the volume of
which, however, is depending on the position of a pres-
sure pulse transmitting body, as will be described later.
Further, the pressure pulse generator comprises a high
pressure source 5, alow pressure source 6, afirst conduit
7 that connects the high pressure source 5 with the first
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part 3 of the chamber 2, and a second conduit 8 that
connects the low pressure source 6 with the second part
4 of the chamber 2. The high pressure source 5 delivers
and the low pressure source 6 receives a hydraulic liquid,
for example oil. The high pressure source may be driven
by a pump, and the low pressure source 6 may be con-
nected with the atmosphere and may present atmospher-
ic pressure. The low pressure source 6 is, for example,
the oil trough of a car or any other vehicle provided with
a combustion engine.

[0035] Further, the pressure pulse generator compris-
es a pressure pulse transmitting body 9 that, through an
opening in the body 1, is in a direct contact with and
projects into the second part 4 of the chamber 2. The
pressure pulse transmitting body 9 is displaceably ar-
ranged to and from the second part 4 of the chamber 2
and constitutes a part of a wall thereof. In this case, it
constitutes a part of or is connected with or bears against
avalve stem of aninlet or a outlet valve 10, here a poppet
valve, to the combustion chamber (not shown) of a com-
bustion engine. The valve 10 is preloaded into a closed
position by means of a spring 11, which accordingly, acts
with a force in a direction towards the chamber 2, that is
for the purpose of retracting the pressure pulse generat-
ing body 9 into the chamber 2. In its closed position, the
valve 10 rests against a valve seat, for example in the
inner ceiling of the combustion chamber.

[0036] Apart from these components, the pressure
pulse generator comprises a valve body 12, a first sole-
noid 26 and a second solenoid 27. The solenoids 26, 27
are arranged for the purpose of activating, in other words
displacing, the valve body 12, the task of which is to open
or brake the communication between the first part 3 and
second part 4 of the chamber 2, between the first part 3
of the chamber 2 and the high pressure source and be-
tween the second part 4 of the chamber 2 and the low
pressure source 6. This is possible since the valve body
12 runs tightly in a groove in which the path of the valve
body intersects a channel that connects the two parts 3
and 4 of the chamber 2, and also intersects the conduits
7, 8 that connects the two parts 3, 4 of the chamber 2
with the high pressure source 5 and the low pressure
source 6 respectively. The valve body 12 is provided with
taperings or openings 13, 14, 15 that, when they reach
a position opposite to a channel or a conduit 7, 8, permit
a passage of hydraulic liquid therethrough. By a suitable
positioning and extension of such taperings/openings 13,
14, 15 along the valve body 12, a control of the time for
opening and interrupting the communication in the re-
spective conduits 7, 8 and between the first part 3 and
the second part 4 of the chamber 2 may be accomplished.
Infig. 1, the engine valve 10 is shown in a closed position,
in which the pressure pulse transmitting body, in connec-
tion with a valve stem, is maximally retracted into the
second part 4 of the chamber 2. The taperings/openings
13, 14, 15 are in such positions that the communication
between the first part 3 and second part 4 of the chamber
2 is interrupted, while the communications between the
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first part 3 of the chamber 2 and the high pressure source
5 and between the second part 4 and the low pressure
source 6 are open.

[0037] The first part 3 of the chamber 2 is designed
and dimensioned in order to act as a liquid spring that is
loaded or preloaded by a hydraulic liquid of a given pres-
sure, in the position shown in fig. 1, in order to then be
triggered in connection to an opening or closing move-
ment of the engine valve 10, and in order to then, when
the closed position once again has been reached be re-
loaded. The opening-closing cycle according to the in-
vention will be described more in detail, step for step,
later.

[0038] Fig. 2 shows an alternative embodiment of the
pressure pulse generator. The most remarkable differ-
ence compared to the first embodiment is that, instead
of only one passage, it comprises a first passage 16 and
a second passage 17 between the first part 3 and second
part 4 of the chamber 2, and that each passage is pro-
vided with a non-return valve 18, 19, said non-return
valves 18, 19 being arranged to open in different direc-
tions. Moreover, the valve body 12 has two taperings/
openings 20, 21, afirst one of which 20 is to be positioned
opposite to the first passage 17 in a first position of the
valve body 12 and the second one of which 21 is to be
positioned opposite to the second passage in a second
position of the valve body 12. Of course, it is possible to
imagine a solution that only has one tapering/opening
that is moved between the positions of the non-return
valves. The first position corresponds to when the pres-
sure pulse transmitting body 9 is projected and there is
to be a flow from the first part 3 of the chamber to the
second part 4 thereof, and the second position corre-
sponds to when the body is being retracted or is already
retracted and when a flow is to take place or at least be
permitted to take place from a second part 4 of the cham-
ber to the first part 3 thereof. The solution has the advan-
tage that the movements of the valve body 12 need not
be as precise as in the first embodiment. On the other
hand, it has the disadvantage of requiring more compo-
nents, primarily the non-return valves 18, 19.

[0039] Fig. 3 shows another alternative embodiment
of the pressure pulse generator according to the inven-
tion. The difference when compared to the embodiment
shown in figs. 1 and 2 is that it comprises a separate
valve body 22, which is arranged for opening and inter-
rupting the communication in the conduits 7 and 8 that
connects the first part 3 of the chamber with the high
pressure source 5 and which connects the second part
4 with the low pressure source 6 respectively. Moreover,
it comprises a separate solenoid 23 for the activation of
said valve body 22. This solution requires a synchronized
control of all solenoids, but also permits better possibili-
ties for a variable control of the opening/ interrupting of
the communication in the individual conduits/passages
independently of each other. A further development could
comprise separately operated valve bodies for opening/
interrupting the communication in the first conduit 7 and

10

15

20

25

30

35

40

45

50

55

in the second conduit 8.

[0040] Fig. 4 shows another embodiment in which the
means for opening and interrupting the communication
in the conduits 7, 8 to the high pressure source 5 and to
the low pressure source 6 respectively also include the
pressure pulse transmitting body 9 itself, wherein said
body, at predetermined positions along its longitudinal
axis, presents taperings or openings 24, 25, which, when
said body 9 reaches a predetermined position, here cor-
responding to the closed position of the engine valve 10,
are located opposite to the conduits 7, 8 and, accordingly,
opens for a communication therein. This arrangement
guarantees that there will be no communication between
the high pressure source 5 and the first part 3 of the
chamber 2 or between the low pressure source 6 and
second part 4 of the chamber in other cases than in the
closed position of the engine valve 10, in other words in
the maximally retracted position of the pressure pulse
transmitting body 9 or very close to this position.

[0041] Fig. 5 shows an embodiment that could be re-
garded as a simplified further development of the em-
bodiment according to fig. 4 in the sense that the valve
body 12 now is only arranged for the purpose for opening
and interrupting the communication between the first part
3 and second part 4 of the chamber, while the taperings/
openings 24, 25 of the pressure pulse transmitting body
9 constitute the only means for opening the communica-
tion between the high pressure source 5 and the first part
3 of the chamber 2 and between the low pressure source
6 and the second part of the chamber 2 respectively.
[0042] Now, an opening-closing cycle of the engine
valve 10 will be described more in detail. In a starting
position, in which the engine valve 10 is closed and rests
against its seat, the valve body 12 for opening/ interrupt-
ing the communication between the two parts of the
chamber 2 is in an interrupting position, while, simulta-
neously, it permits a communication in the two conduits
7, 8. The communication in the conduit 7 may, in principal,
also be interrupted as soon as a desired pressure, cor-
responding to the pressure of the high pressure source
5, is established in the first part of the chamber 2. In a
corresponding way, the communication in the second
conduit 8 may be interrupted as soon as the engine valve
has reached its closed position, since there is then no
longer any need of a continued communication between
the low pressure source and the chamber.

[0043] When the engine valve 10 is to be opened, one
of the solenoids 26, 27 is activated as an answer to a
signal from a control unit (not shown), which, suitably, is
provided with a computer program for controlling the en-
gine valve 10. When the solenoid 26 or 27 is activated,
it displaces the valve body 12 to a position in which a
tapering or opening 14 thereof opens for a communica-
tion between the firstand second part 3, 4 of the chamber,
for permitting a flow in a direction towards the second
part. Simultaneously, or preferably just before this com-
munication has been established, the communication in
the conduits 7, 8 is interrupted for the purpose of pre-
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venting any hydraulic liquid from passing directly from
the high pressure side to the low pressure side without
being taken advantage of for the purpose of displacing
the pressure pulse transmitting body 9. The correlation
of the timing is achieved through a suitable positioning
of the taperings/openings 13, 14, 15. The pressure
present in the first part 3 of the chamber 2, that acts as
a liquid spring, is adapted in order to permit a predeter-
mined displacement of the engine valve 10 to an open
position when the communication between the two parts
of the chamber 2 is opened.

[0044] When the engine valve 10 has reached a max-
imally open position, in which the major part of the energy
that was stored in the liquid spring now has been used
for biasing the valve spring 11, the movement of the en-
gine valve 10 ceases. Thereby, a continued displace-
ment of the valve body 12 takes place until the latter has
reached a position in which it brakes the communication
between the two parts 3, 4 of the chamber and in which
it also brakes the communication in the conduits 7, 8 to
the high pressure source 5 and the low pressure source
6 respectively. In that way, a locking of the engine valve
in an open position and during an optional time period
can be achieved. In the case when non-return valves are
used for the regulation of the flow between the parts of
chamber, such as shown in figs. 2 and 3, one of the non-
return valves will guarantee that there is no returning flow
when the tapering/ opening is in a position opposite to
the relevant passage between the first part and the sec-
ond part provided with this non-return valve. In such a
case, the tapering/ opening need not be displaced further
beyond the passage in order to cause a locking.

[0045] When the engine valve is to be re-closed, one
ofthe solenoids 26, 27 is activated for displacing the valve
body to an open position, in which it once again opens
for communication between the first part 3 and second
part 4 of the chamber 2 for a flow in a direction towards
the first part 3. The communication in the conduits 7, 8
is still interrupted. The valve engine 10 will perform a
returning movement back to the closed position. Since
there will always be a certain loss of energy, the energy
that is now stored in the preloaded valve spring 11 is,
however, not sufficient for permitting a full retraction of
the engine valve 10 to its closed position. In order to
enable a complete return, it is required that the commu-
nication between the chamber 2 and the low pressure
source 6 is opened any time during the returning move-
ment. Suitably, this is accomplished by a further displace-
ment of the valve body 12 to a position in which a tapering
or an opening 15 thereof will be opposite to the conduit
8 that leads to the low pressure source 6. Just before this
moment, simultaneously therewith, or just after this mo-
ment, the communication between the two parts of the
chamber 2 is to be interrupted, and then the communi-
cation between the first part 3 of the chamber 2 and the
high pressure source 5 can be re-opened. We are then
back in the starting position shown in fig. 1. Generally,
any short circuit, i.e. an opening of all communications
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at the same time, should be avoided as far as possible.
In the case when non-return valves are used, such as
shown in figs. 2 and 3, these, or more precisely one of
these, can guarantee that there will be no short circuit.
[0046] It should be realized that the delay between the
opening and interrupting of the different communications
either can be accomplished by means of purely geomet-
rical positionings and choices of dimensions of the
present taperings and openings of the relevant valve bod-
ies. In the case when different valve bodies, driven by
different solenoids, are used for the opening/ interrupting
of different communication conduits or passage, the time
control can be performed through the computer program
that controls the activation of the solenoids for the pur-
poses of achieving a required synchronizing of the timing
for opening/interrupting in accordance with the inventive
method.

[0047] The maximum opening of the engine valve 10,
the height of lift, can be controlled during operation
through a variation of the pressure in the high pressure
source 5, for example through a control of a pump that
generates said pressure. ltis also conceivable to achieve
such a variation if the chamber 2, preferably the first part
3 thereof, is designed with a variable volume.

[0048] The valve time, i.e. the time during which the
engine valve 10 is in its maximally open position, can be
controlled in a completely computerized way by control-
ling the time at which the solenoid 26, 27 that operates
the valve body 12 for opening and interrupting the com-
munication between the two parts 3, 4 of the chamber is
to be activated for a re-opening of this communication.
[0049] It should be realised that the invention, as de-
scribed above for the case in which the used pressure
fluid is a liquid, is also applicable to corresponding em-
bodiments in which the pressure fluid is a gas. The sub-
stantial differences are then that the gas, due to its higher
compressibility, needs to act on a larger area of the pres-
sure pulse transmitting body in order to generate a cor-
responding movement thereof, and that the volume of
the first part of the chamber should be adapted to the
factthat the pressure fluid is a gas. Suitably, the pressure
pulse transmitting body is then a piston arranged to move
back and forth in a cylinder and force-transmittingly con-
nected with the valve the motions of which it is supposed
to cause. The pressure pulse transmitting body may also
be identical with a VCR-piston that, through said cylinder,
is in a direct connection with the combustion chamber of
a combustion engine, for the purpose of varying the vol-
ume of the latter depending on the engine load.

[0050] Fig. 6 shows afurtherembodiment of the device
according to the invention, according to which the pres-
sure fluid is a gas and the pressure pulse transmitting
body 9is a piston that is arranged to move back and forth
in a cylinder 26 in a gas-sealed way. The piston 9 is di-
rectly connected with a stem 27 of a valve (not shown),
or constitutes a so called VCR-piston that, on one of its
sides, isin a direct connection with the combustion cham-
ber of a combustion engine and which, by way of its dis-
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placement, is arranged to vary the volume of the com-
bustion chamber, and, thereby, the compression ratio.
[0051] As in the preceding embodiments, this device
comprises a chamber with a first part 28 and a second
part 29. The difference is that the second part 29 is iden-
tical with a space in the cylinder 26 on one side of the
piston 27 instead of, as in the hydraulic case, being lo-
cated directly above a substantially thinner valve stem.
Avalve body 30 forming a slave valve is arranged to open
and close a communication between the first part 28 and
the second part 29 of the chamber. The motion of the
valve body 30 is due to an opening and closing respec-
tively of a communication between the latter and a high
pressure source 5 and a low pressure source 6 respec-
tively. An electromagnetically activated valve, here a so-
lenoid-activated slide valve 31, is arranged to open/close
the communication between the valve body 30 and the
high pressure source 5 and the low pressure source 6
respectively by opening/closing conduits 32, 33 that lead
between one side of the valve body 30 and said sources.
In other words, the valve body 30 is in directly solenoid-
activated, which is included in the general inventive con-
cept. The side of the valve body 30 that is effected by
the pressure fluid through the conduits 32 and 33 is
sealed against the first part 28 of the chamber, said valve
body 30 being arranged, in this case, to be displaced in
said first part of the chamber.

[0052] A further valve body 34 is arranged to open/
close a communication between the second part 29 of
the chamber and the low pressure source 6. This valve
body 34 is arranged in a way that generally corresponds
to that for the first valve body 30. It communicates on one
side with the second part 29 of the chamber and on an-
other side with, on one hand, a conduit 35 to the high
pressure source, and, on the other hand, a conduit 36 to
the low pressure source. The opening and closing re-
spectively of the communication in the conduits 35 and
36 is done by means of the previously mentioned elec-
tromagnetically activated valve 31. Moreover, there is a
conduit 37 that leads between the first part 28 of the
chamber and the high pressure source 5. The electro-
magnetically activated valve 31 is arranged to open and
close the communication also in this conduit. It should
be realized that the only electromagnetically activated
valve 31 could be replaced by a plurality of electromag-
netically activated valves for the accomplishment of
opening/closing functions that correspond to the ones
that have been described above. However, the device is
to operate in accordance with the principals that have
already been described in this application and which are
generally relevant, independent of embodiment and type
of pressure fluid.

[0053] A further embodiment of a pressure pulse gen-
erator according to the invention is shown in fig. 7. In
contrast to the previously described embodiments, this
pressure pulse generator comprises a spring 38 that con-
stantly acts with a spring force against a displaceable or
elastic wall 39 of the first part 3 of the chamber 2. Here,
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the spring 38 is of mechanical type, but could, alterna-
tively, be a pneumatic or hydraulic spring.

[0054] Although it has not been shown on the figures,
it should be realized that electromagnetically activated,
preferably solenoid-activated, slide valves are normally
provided with a return spring or the like for returning the
valve body in question when the activation is discontin-
ued. Of course, it is also possible to have double sole-
noids, that act pulling and pushing respectively on the
valve body and that co-operate for displacing the valve
body back and forth between the positions in which the
latter opens and interrupts the communication in one or
more conduits or connections.

[0055] Moreover, pilot valves that are not directly driv-
en by a solenoid, but that are indirectly controlled through
a solenoid-activated valve body may replace or supple-
ment anyone of the means that have been described
above for the opening/ interrupting of the communication
between the parts of the chamber or between each indi-
vidual part and the high pressure source or the low pres-
sure source respectively. Such solutions have to be re-
garded as being within the scope of the invention, as
defined in the annexed patent claims.

[0056] It should also be mentioned that the pressure
pulse transmitting body 9, according to an alternative ap-
plication, may have as its task to directly act on a fuel for
the purpose of causing a direct fuel injection into the com-
bustion chamber of a combustion engine.

[0057] It should be mentioned that the body 1 in which
the chamber 2 of the pressure pulse generator and the
pressure pulse transmitting body 9 are arranged may be
the cylinder head of an engine according to the invention.
The body 1 may, alternatively, be separate and attached
to a cylinder head.

[0058] It should be realized that the pressure pulse
transmitting body in all implementations of the invention
either can be directly connected with, that is forming a
part of, the valve body or the VCR-piston that it is to act
against, or be separate therefrom.

[0059] In the applications that have been discussed
above, the fluid pressure, the high pressure, is typically
100-500 bar when the fluid is a liquid, typically oil, and
3-30 bar when the fluid is a gas or a gas mixture, typically
air.

[0060] It should be realized that the pressure pulse
transmitting body constitutes a displaceable wall of the
second part 4 of the chamber, whereby the volume of
the latter is variable depending on the displacement po-
sition of the pressure pulse transmitting body.

Claims

1. A method of generating pressure pulses through a
pressure pulse transmitting body (9) that is displace-
able arranged in a chamber (2), by which the flow of
a pressure fluid into and out of said chamber (2) is
electromechanically controlled for the purpose of ac-
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complishing pressure changes for the displacement
of the body (9), by a pressure pulse generator that
comprises

* said chamber (2), divided into a first and a sec-
ond part (3, 4),

+ atleast one operable valve body (12) for open-
ing/interrupting a communication between the
first and second parts (3, 4) of the chamber,

« a first conduit (7) that leads between a high
pressure source (5) and the first part (3) of the
chamber (2),

+ a second conduit (8) that leads between a low
pressure source (6) and the second part (4) of
the chamber (2),

« said body (9) being displaceably arranged in
the second part (4) of the chamber (2) and being
in contact, on one hand, with the pressure fluid
in the chamber (2), and, on the other hand, with
the environment and being spring loaded in a
direction towards the chamber (2),

» means for opening/ interrupting the communi-
cation between the first part (3) of the chamber
(2) and the high pressure source (5), and

» means for opening/interrupting the communi-
cation between the second part (4) of the cham-
ber (2) and the low pressure source (6), char-
acterized in that

« the communication between the high pressure
source (5) and the first part (3) of the chamber
(2) and the communication between the low
pressure source (6) and the second part (4) of
the chamber (2) are kept interrupted while the
communication between the first and second
parts (3, 4) of the chamber (2) is opened and a
displacement of the body (9) out of the chamber
(2) is accomplished,

+ and the communication between the first and
second parts (3, 4) of the chamber (2) is kept
open for a re-establishment of a high pressure
in the first part (3) of the chamber (2) while the
body (9), by the spring load, is displaced back
towards a retracted start position while the com-
munication between the high pressure source
(5) and the first part (3) of the chamber (2) and
the communication between the low pressure
source (6) and the second part (3) of the cham-
ber (2) are kept interrupted.

A method according to claim 1, characterized in
that, when said body (9) is on its way back to or is
back in a maximally retracted start position, the com-
munication between the first and second parts (3, 4)
of the chamber (2) is interrupted, and the communi-
cation between the first part (3) of the chamber (2)
and the high pressure source (5) is opened for a total
re-establishment of the pressure in the first part (3)
of the chamber (2).
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3.

10.

A method according to claim 1 or 2, characterized
in that the communication between the first and sec-
ond parts (3, 4) of the chamber (2) is interrupted, and
the communication between the high pressure
source (5) and the first part (3) and the communica-
tion between the low pressure source (6) and the
second part (4) are kept interrupted when said body
(9) has reached a maximally projected position.

A method according to anyone of claims 1-3, char-
acterized in that the communication between the
second part (4) of the chamber (2) and the low pres-
sure source (6) is opened while said body (9) is dis-
placed into the chamber (2) and while the commu-
nication between the first part (3) and the second
part (4) of the chamber (2) is interrupted or is kept
interrupted.

A method according to claim 4, characterized in
that the communication between the low pressure
source (6) and the second part (4) of the chamber
(2) is kept opened during a final stage of the returning
movement of the body (9) into the chamber (2), in
order to permit the body (9) to return to a maximally
retracted start position.

A method according to anyone of claims 1-5, char-
acterized in that the opening/ interrupting of the
communication between the first and second parts
(3, 4) of the chamber (2) is performed electrome-
chanically by means of a solenoid-activated valve
body.

A method according to anyone of claims 1-6, char-
acterized in that the opening/ interrupting of the
communication between the first part (3) of the
chamber (2) and the high pressure source (5) is per-
formed electromechanically by means of a solenoid-
activated valve body.

A method according to anyone of claims 1-7, char-
acterized in that the opening/ interrupting of the
communication between the second part (4) of the
chamber (2) and the low pressure source is per-
formed electromechanically by means of a solenoid-
activated valve body (12).

A method according to anyone of claims 1-8, char-
acterized in that the pressure pulse transmitting
body (9) forms or is connected to a spring loaded
inlet or outlet valve (10) of a combustion engine, and
that the height of lift of the valve (10) is controlled by
a control of the pressure that is provided in the first
part (3) of the chamber (2) through the high pressure
source (5).

A method according to claim 3, characterized in
that the time period during which the spring loaded



17 EP 1723 319 B1 18

inlet or outlet valve (10) is kept in an open position
is controlled by a control of the time during which the
communication between the first and second part (3,
4) of the chamber (2) is kept interrupted when said
body (9) is in its maximally projected position.

11. A pressure pulse generator, comprising

* a pressure pulse transmitting body (9),

« achamber (2), divided into a first and a second
part (3, 4),

« a first conduit (7) that leads between a high
pressure source (5) and the first part (3) of the
chamber (2),

« a second conduit (8) that leads between a low
pressure source (6) and the second part (4) of
the chamber (2),

* said body (9) being displaceably arranged in
the second part (4) of the chamber (2) and being
in contact with, on one hand, a pressure fluid in
the chamber (2), and, on the other hand, with
the environment and being spring loaded in a
direction towards the chamber (2),

* characterized in that it comprises

*means (26, 27, 12, 13) for opening/interrupting
the communication between the first part (3) of
the chamber (2) and the high pressure source
(5), and means (26, 27, 12, 15) for opening/ in-
terrupting the communication between the sec-
ond part (4) of the chamber (2) and the low pres-
sure source (6), and, wherein said means are
arranged to keep the communication between
the high pressure source (5) and the first part
(3) of the chamber (2) and the communication
between the low pressure source (6) and the
second part (4) of the chamber (2) interrupted
while the communication between the first and
second parts (3, 4) of the chamber (2) is opened
and a displacement of the body (9) out of the
chamber (2) is accomplished

« an operable valve body (12) for opening/ inter-
rupting the communication between the first and
second parts (3, 4) of the chamber (2), wherein
said valve body (12) is arranged to keep the
communication between the first and second
parts (3, 4) of the chamber (2) open for a re-
establishment of a high pressure in the first part
(3) of the chamber (2) while the body (9), by the
spring load, is displaced back towards a retract-
ed start position while the communication be-
tween the high pressure source (5) and the first
part (3) of the chamber (2) and the communica-
tion between the low pressure source (6) and
the second part (3) of the chamber (2) are kept
interrupted.

12. A pressure pulse generator according to claim 11,

characterized in that the operable valve body (12)
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10

13.

14.

15.

16.

17.

18.

19.

is a solenoid-activated valve body.

A pressure pulse generator according to claim 11 or
12, characterized in that the means (26, 27, 12,
13) for opening/interrupting the communication be-
tween the first part (3) of the chamber (2) and the
high pressure source (5) comprises a solenoid-acti-
vated valve body (12).

A pressure pulse generator according to anyone of
claims 11-13, characterized in that the means (26,
27, 12, 15) for opening/interrupting the communica-
tion between the second part (4) of the chamber (2)
and the low pressure source (6) comprises a sole-
noid-activated valve body (12).

A pressure pulse generator according to anyone of
claims 11-14, characterized in that the valve body
(12), that is used for opening/interrupting the com-
munication between the first and second parts (3, 4)
of the chamber (2) also forms a valve body of the
means for opening/ interrupting the communication
between the first part (3) of the chamber (2) and the
high pressure source (5).

a pressure pulse generator according to anyone of
claims 11-15, characterized in that the valve body
(12) that is used for opening/interrupting the com-
munication between the first and second parts (3, 4)
of the chamber (2) also forms a valve body of the
means (26, 27, 12, 15) for opening/interrupting the
communication between the second part (4) of the
chamber (2) and the low pressure source (6).

A pressure pulse generator according to anyone of
claims 11-16, characterized in that the means (26,
27, 12, 13) for opening/interrupting the communica-
tion between the first part (3) of the chamber (2) and
the high pressure source (5) comprise a portion with
a reduced circumference or an opening in the pres-
sure pulse transmitting body (9), said portion being
positioned in order to permit a communication when
said body (9) is adjacent to or in a start position in
which it is maximally retracted into the chamber (2).

A pressure pulse generator according to anyone of
claims 11-17, characterized in that the means (26,
27, 12, 15) for opening/interrupting the communica-
tion between the second part (4) of the chamber (2)
and the low pressure source (6) comprise a portion
that has a reduced circumference or an opening in
the pressure pulse transmitting body (9), said portion
being positioned for the purpose of opening for a
communication when said body (9) is closed to or in
a start position in which it is maximally retracted into
the chamber (2).

A pressure pulse generator according to anyone of
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claims 11-18, characterized in that the first part (3)
of the chamber (2) has a volume that is adapted such
that the high pressure fluid that is gathered therein
is to act as a pressure fluid spring, the triggering of
which results in a displacement of the pressure pulse
transmitting body (9) from a maximally retracted po-
sition to a projected position against the spring load
that acts on said body (9) in an opposite direction.

A pressure pulse generator according to anyone of
claims 11-19, characterized in that it comprises a
control unit with a computer program for controlling
the means for opening/ interrupting the communica-
tion between the first and second parts (3, 4) of the
chamber (2) and between the first part (3) of the
chamber (2) and the high pressure source (5) and
between the second part (4) of the chamber (2) and
the low pressure source (6) in accordance with an-
yone of claims 1-10, based upon an information of
the position of a piston that operates in the combus-
tion chamber of a piston engine.

A piston engine with a valve for an introduction or
discharge of air or an air/fuel mixture to a combustion
chamber, characterized in that it comprises a pres-
sure pulse generator according to anyone of claims
11-20 for operating said valve.

A piston engine with a valve for the variation of the
cylinder volume of a combustion chamber in a com-
bustion engine, said piston being arranged displace-
ably back and forth in a cylinder that is connected
with the combustion chamber, characterized in
that it comprises a pressure pulse generator accord-
ing to anyone of claims 11-20 for operating said pis-
ton.

Patentanspriiche

1.

Verfahren zum Erzeugen von Druckimpulsen Uber
einen in einer Kammer (2) verschiebbar angeordne-
ten druckimpulsiibertragenden Korper (9), durch
den die Strémung eines Druckfluids in und aus der
Kammer (2) elektromechanisch gesteuert wird, um
Druckanderungen zum Verschieben des Kérpers (9)
zu erzeugen, durch einen Druckimpulsgenerator,
der aufweist:

die Kammer (2), die in einen ersten und einen
zweiten Abschnitt bzw. Teil (3, 4) geteilt ist;
mindestens einen betatigbaren Ventilkérper
(12) zum Offnen/Unterbrechen einer Kommuni-
kation zwischen dem ersten und dem zweiten
Abschnitt (3, 4) der Kammer;

einen ersten Kanal (7), der eine Hochdruckquel-
le (5) mit dem ersten Abschnitt (3) der Kammer
(2) verbindet;
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einen zweiten Kanal (8), der eine Niederdruck-
quelle (6) mit dem zweiten Abschnitt (4) der
Kammer (2) verbindet;

den Korper (9), der im zweiten Abschnitt (4) der
Kammer (2) verschiebbar angeordnetist und ei-
nerseits mit dem Druckfluid in der Kammer (2)
und andererseits mit der Umgebung in Kontakt
steht und durch eine Feder zur Kammer (2) hin
vorgespannt ist;

eine Einrichtung zum Offnen/Unterbrechen der
Kommunikation zwischen dem ersten Abschnitt
(3) der Kammer (2) und der Hochdruckquelle
(5); und

eine Einrichtung zum Offnen/Unterbrechen der
Kommunikation zwischen dem zweiten Ab-
schnitt (4) der Kammer (2) und der Niederdruck-
quelle (6);

dadurch gekennzeichnet, dass

die Kommunikation zwischen der Hochdruck-
quelle (5) und dem ersten Abschnitt (3) der Kam-
mer (2) und die Kommunikation zwischen der
Niederdruckquelle (6) und dem zweiten Ab-
schnitt (4) der Kammer (2) im Unterbrechungs-
zustand gehalten werden, wahrend die Kommu-
nikation zwischen dem ersten und dem zweiten
Abschnitt (3, 4) der Kammer (2) offen ist und
eine Verschiebung des Korpers (9) aus der
Kammer (2) heraus bewirkt wird; und

die Kommunikation zwischen dem ersten und
dem zweiten Abschnitt (3, 4) der Kammer (2) in
einem offen Zustand gehalten wird, um wieder
einen hohen Druck im ersten Abschnitt (3) der
Kammer (2) herzustellen, wahrend der Korper
(9) durch die Federspannung zu einer zurlick-
gezogenen Ausgangsposition verschoben wird,
wahrend die Kommunikation zwischen der
Hochdruckquelle (5) und dem ersten Abschnitt
(3) der Kammer (2) und die Kommunikation zwi-
schen der Niederdruckquelle (6) und dem zwei-
ten Abschnitt (3) der Kammer (2) im Unterbre-
chungszustand gehalten werden.

Verfahren nach Anspruch 1, dadurch gekenn-
zeichnet, dass, wobei, wenn bzw. wahrend der Kor-
per (9) sich auf den Weg zurlick zu oder sich in seiner
maximal zuriickgezogenen Ausgangsposition befin-
det, die Kommunikation zwischen dem ersten und
dem zweiten Abschnitt (3, 4) der Kammer (2) unter-
brochen wird und die Kommunikation zwischen dem
ersten Abschnitt (3) der Kammer (2) und der Hoch-
druckquelle (5) gedffnet wird, um den Druck im er-
sten Abschnitt (3) der Kammer (2) vollstandig wieder
aufzubauen.

Verfahren nach Anspruch 1 oder 2, dadurch ge-
kennzeichnet, dass die Kommunikation zwischen
dem ersten und dem zweiten Abschnitt (3, 4) der
Kammer (2) unterbrochen wird und die Kommunika-
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tion zwischen der Hochdruckquelle (5) und dem er-
sten Abschnitt (3) und die Kommunikation zwischen
der Niederdruckquelle (6) und dem zweiten Ab-
schnitt (4) im Unterbrechungszustand gehalten wer-
den, wenn der Korper (9) eine maximal ausgefahre-
ne Position erreicht hat.

Verfahren nach einem der Anspriiche 1 bis 3, da-
durch gekennzeichnet, dass die Kommunikation
zwischen dem zweiten Abschnitt (4) der Kammer (2)
und der Niederdruckquelle (6) gedffnet wird, wah-
rend der Korper (9) in die Kammer (2) verschoben
wird und wahrend die Kommunikation zwischen dem
ersten Abschnitt (3) und dem zweiten Abschnitt (4)
der Kammer (2) unterbrochen wird oder im Unter-
brechungszustand gehalten wird.

Verfahren nach Anspruch 4, dadurch gekenn-
zeichnet, dass, die Kommunikation zwischen der
Niederdruckquelle (6) und dem zweiten Abschnitt (4)
der Kammer (2) wahrend einer Endphase der Riick-
kehrbewegung des Kdérpers (9) in die Kammer (2)
im gedffneten Zustand gehalten wird, um zu ermdég-
lichen, dass der Korper (9) zu einer maximal zuriick-
gezogenen Ausgangsposition zuriickkehren kann.

Verfahren nach einem der Anspriiche 1 bis 5, da-
durch gekennzeichnet, dass das Offnen/Unter-
brechen der Kommunikation zwischen dem ersten
und dem zweiten Abschnitt (3, 4) der Kammer (2)
durch einen solenoidbetatigten Ventilkdrper elektro-
mechanisch ausgefiihrt wird.

Verfahren nach einem der Anspriiche 1 bis 6, da-
durch gekennzeichnet, dass das Offnen/Unter-
brechen der Kommunikation zwischen dem ersten
Abschnitt (3) der Kammer (2) und der Hochdruck-
quelle (5) durch einen solenoidbetatigten Ventilkor-
per elektromechanisch ausgefihrt wird.

Verfahren nach einem der Anspriiche 1 bis 7, da-
durch gekennzeichnet, dass das Offnen/Unter-
brechen der Kommunikation zwischen dem zweiten
Abschnitt (4) der Kammer (2) und der Niederdruck-
quelle durch einen solenoidbetatigten Ventilkbrper
(12) elektromechanisch ausgefuhrt wird.

Verfahren nach einem der Anspriiche 1 bis 8, da-
durch gekennzeichnet, dass der druckimpuls-
Ubertragende Koérper (9) ein durch eine Feder vor-
gespanntes Einlass- oder Auslassventil (10) eines
Verbrennungsmotors bildet oder damit verbunden
ist, und dass die H6he oder der Hub des Ventils (10)
durch Regeln des Drucks gesteuert wird, der im er-
sten Abschnitt (3) der Kammer (2) durch die Hoch-
druckquelle (5) erzeugt wird.

10. Verfahren nach Anspruch 3, dadurch gekenn-
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zeichnet, dass die Zeitdauer, wéhrend der das
durch eine Feder vorgespannte Einlass- oder Aus-
lassventil (10) in einer offenen Position gehalten
wird, durch Regeln der Zeitdauer gesteuert wird,
wahrend der die Kommunikation zwischen dem er-
sten und dem zweiten Abschnitt (3, 4) der Kammer
(2) im Unterbrechungszustand gehalten wird, wenn
der Kdrper (9) sich in seiner maximal ausgefahrenen
Position befindet.

11. Druckimpulsgenerator mit:

einem druckimpulsiibertragenden Korper (9):

einer Kammer (2), die in einen ersten und
einen zweiten Abschnitt bzw. Teil (3, 4) ge-
teilt ist;

einem ersten Kanal (7), der eine Hoch-
druckquelle (5) mit dem ersten Abschnitt (3)
der Kammer (2) verbindet;

einem zweiten Kanal (8), der eine Nieder-
druckquelle (6) mit dem zweiten Abschnitt
(4) der Kammer (2) verbindet;

dem Koérper (9), der im zweiten Abschnitt
(4) der Kammer (2) verschiebbar angeord-
net ist und einerseits mit dem Druckfluid in
der Kammer (2) und andererseits mit der
Umgebung in Kontakt steht und durch eine
Feder zur Kammer (2) hin vorgespannt ist;

dadurch gekennzeichnet, dass der Druckimpuls-
generator aufweist:

eine Einrichtung (26, 27, 12, 13) zum Offnen/
Unterbrechen der Kommunikation zwischen
dem ersten Abschnitt (3) der Kammer (2) und
der Hochdruckquelle (5), und eine Einrichtung
(26, 27, 12, 15) zum Offnen/Unterbrechen der
Kommunikation zwischen dem zweiten Ab-
schnitt (4) der Kammer (2) und der Niederdruck-
quelle (6), wobei die Einrichtungen dazu geeig-
net sind, die Kommunikation zwischen der
Hochdruckquelle (5) und dem ersten Abschnitt
(3) der Kammer (2) und die Kommunikation zwi-
schen der Niederdruckquelle (6) und dem zwei-
ten Abschnitt (4) der Kammer (2) im Unterbre-
chungszustand zu halten, wahrend die Kommu-
nikation zwischen dem ersten und dem zweiten
Abschnitt (3, 4) der Kammer (2) offen ist und
eine Verschiebung des Korpers (9) aus der
Kammer (2) heraus bewirkt wird; und

einen betatigbaren Ventilkérper (12) zum Off-
nen/Unterbrechen der Kommunikation zwi-
schen dem ersten und dem zweiten Abschnitt
(3, 4) der Kammer (2), wobei der Ventilkérper
(12) dazu geeignet ist, die Kommunikation zwi-
schen dem ersten und dem zweiten Abschnitt
(3, 4) der Kammer (2) in einem offen Zustand
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zu halten, um wieder einen hohen Druck im er-
sten Abschnitt (3) der Kammer (2) herzustellen,
wahrend der Koérper (9) durch die Federspan-
nung zu einer zuriickgezogenen Ausgangspo-
sition verschoben wird, wahrend die Kommuni-
kation zwischen der Hochdruckquelle (5) und
dem ersten Abschnitt (3) der Kammer (2) und
die Kommunikation zwischen der Niederdruck-
quelle (6) und dem zweiten Abschnitt (3) der
Kammer (2) im Unterbrechungszustand gehal-
ten werden.

Druckimpulsgenerator nach Anspruch 11, dadurch
gekennzeichnet, dass der betatigbare Ventilkdrper
(12) ein solenoidbetatigter Ventilkorper ist.

Druckimpulsgenerator nach Anspruch 11 oder 12,
dadurch gekennzeichnet, dass die Einrichtung
(26, 27, 12, 13) zum Offnen/Unterbrechen der Kom-
munikation zwischen dem ersten Abschnitt (3) der
Kammer (2) und der Hochdruckquelle (5) einen so-
lenoidbetatigten Ventilkérper (12) aufweist.

Druckimpulsgenerator nach einem der Anspriiche
11 bis 13, dadurch gekennzeichnet, dass die Ein-
richtung (26, 27, 12, 15) zum Offnen/Unterbrechen
der Kommunikation zwischen dem zweiten Ab-
schnitt (4) der Kammer (2) und der Niederdruckquel-
le (6) einen solenoidbetatigten Ventilkdrper (12) auf-
weist.

Druckimpulsgenerator nach einem der Anspriiche
11 bis 14, dadurch gekennzeichnet, dass der Ven-
tilkkdrper (12), der zum Offnen/Unterbrechen der
Kommunikation zwischen dem ersten und dem zwei-
ten Abschnitt (3, 4) der Kammer (2) verwendet wird,
auBerdem einen Ventilkdrper der Einrichtung zum
Offnen/Unterbrechen der Kommunikation zwischen
dem ersten Abschnitt (3) der Kammer (2) und der
Hochdruckquelle (5) bildet.

Druckimpulsgenerator nach einem der Anspriiche
11 bis 15, dadurch gekennzeichnet, dass der Ven-
tilkérper (12), der zum Offnen/Unterbrechen der
Kommunikation zwischen dem ersten und dem zwei-
ten Abschnitt (3, 4) der Kammer (2) verwendet wird,
aullerdem einen Ventilkérper der Einrichtung (26,
27, 12, 15) zum Offnen/Unterbrechen der Kommu-
nikation zwischen dem zweiten Abschnitt (4) der
Kammer (2) und der Niederdruckquelle (6) bildet.

Druckimpulsgenerator nach einem der Anspriiche
11 bis 16, dadurch gekennzeichnet, dass die Ein-
richtung (26, 27, 12, 13) zum Offnen/Unterbrechen
der Kommunikation zwischen dem ersten Abschnitt
(3) der Kammer (2) und der Hochdruckquelle (5) ei-
nen Abschnitt mit einem reduzierten Umfang oder
einer Offnung im druckimpulsiibertragenden Kérper
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(9) aufweist, wobei der Abschnitt derart angeordnet
ist, dass eine Kommunikation ermdglicht wird, wenn
der Kérper (9) sich benachbart zu oder in einer Aus-
gangsposition befindet, in der er maximal in die Kam-
mer (2) zurlickgezogen ist.

Druckimpulsgenerator nach einem der Anspriiche
11 bis 17, dadurch gekennzeichnet, dass die Ein-
richtung (26, 27, 12, 15) zum Offnen/Unterbrechen
der Kommunikation zwischen dem zweiten Ab-
schnitt (4) der Kammer (2) und der Niederdruckquel-
le (6) einen Abschnitt mit einem reduzierten Umfang
oder einer Offnung im druckimpulsiibertragenden
Korper (9) aufweist, wobei der Abschnitt dazu dient,
eine Kommunikation zu 6ffnen, wenn der Korper (9)
sich in der Nahe oder in einer Ausgangsposition be-
findet, bei der er maximal in die Kammer (2) zurtick-
gezogen ist.

Druckimpulsgenerator nach einem der Anspriiche
11 bis 18, dadurch gekennzeichnet, dass der er-
ste Abschnitt (3) der Kammer (2) ein derartiges Vo-
lumen hat, dass das darin aufgenommene Hoch-
druckfluid als Druckfluidfeder wirkt, deren Auslésung
zu einer Verschiebung des druckimpulsibertragen-
den Korpers (9) von einer maximal zuriickgezoge-
nen Position zu einer ausgefahrenen Position gegen
die Federspannung flihrt, die in eine entgegenge-
setzte Richtung auf den Korper (9) ausgetbt wird.

Druckimpulsgenerator nach einem der Anspriiche
11 bis 19, dadurch gekennzeichnet, dass der Ge-
nerator eine Steuereinheit mit einem Computerpro-
gramm zum Steuern der Einrichtungen zum Offnen/
Unterbrechen der Kommunikation zwischen dem er-
sten und dem zweiten Abschnitt (3, 4) der Kammer
(2) und zwischen dem ersten Abschnitt (3) der Kam-
mer (2) und der Hochdruckquelle (5) und zwischen
dem zweiten Abschnitt (4) der Kammer (2) und der
Niederdruckquelle (6) gemaf einem der Anspriiche
1 bis 10 basierend auf einer Information uber die
Position eines Kolbens aufweist, der in der Brenn-
kammer eines Kolbenmotors betétigt wird.

Kolbenmotor mit einem Ventil zum Einleiten oder
AusstoRen von Luft oder eines Luft/Kraftstoff-Ge-
mischs in eine bzw. aus einer Brennkammer, da-
durch gekennzeichnet, dass der Motor einen
Druckimpulsgenerator nach einem der Anspriiche
11 bis 20 zum Betéatigen des Ventils aufweist.

Kolbenmotor mit einem Ventil zum Andern des Zy-
lindervolumens einer Brennkammer in einem Ver-
brennungsmotor, wobei der Kolben in einem mit der
Brennkammer verbundenen Zylinder hin- und her-
gehend beweglich angeordnet ist, dadurch ge-
kennzeichnet, dass der Motor einen Druckimpuls-
generator nach einem der Anspriiche 11 bis 20 zum
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Betatigen des Kolbens aufweist.

Revendications

Procédé de génération d’'impulsions de pression par
le biais d’un corps de transmission d’'impulsions de
pression (9) qui peut étre déplacé et qui est disposé
dans une chambre (2), grace auquel I'écoulement
d’un fluide sous pression a l'intérieur et a I'extérieur
de ladite chambre (2) est régulé de maniére électro-
mécanique afin d’effectuer des changements de
pression en vue du déplacement du corps (9), al’aide
d’'un générateur d'impulsions de pression qui com-
prend

- ladite chambre (2), divisée en une premiére et
une seconde parties (3, 4),

- aumoins un corps de soupape actionnable (12)
destiné a établir/interrompre une communica-
tion entre la premiére et la seconde parties (3,
4) de la chambre,

- un premier conduit (7) situé entre une source
de haute pression (5) et la premiéere partie (3)
de la chambre (2),

- un second conduit (8) situé entre une source
de basse pression (6) et la seconde partie (4)
de la chambre (2),

- ledit corps (9) étant disposé de maniére mobile
dans la seconde partie (4) de la chambre (2) et
étant en contact, d’'une part, avec le fluide sous
pression dans la chambre (2), et, d’autre part,
avec I'environnement, et étant chargé par res-
sort dans une direction allant vers la chambre
(2),

- un moyen d’établissement/d’interruption de la
communication entre la premiere partie (3) de
la chambre (2) et la source de haute pression
(5), et

- un moyen d’établissement/d’interruption de la
communication entre la seconde partie (4) de la
chambre (2) et la source de basse pression (6),
caractérisé en ce que

- la communication entre la source de haute
pression (5) et la premiére partie (3) de la cham-
bre (2) et la communication entre la source de
basse pression (6) et la seconde partie (4) de la
chambre (2) sont maintenant interrompues lors-
que la communication entre la premiére et la
seconde parties (3, 4) de la chambre (2) est éta-
blie et que le corps (9) se déplace en-dehors de
la chambre (2),

- et la communication entre la premiére et la se-
conde parties (3, 4) de la chambre (2) est main-
tenue ouverte afin de rétablir une pression éle-
vée dans la premiére partie de la chambre (2)
pendant que le corps (9), a I'aide de la charge
duressort, est déplacé dans une position de dé-
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part rétractée pendant que la communication
entre la source de haute pression (5) et la pre-
miére partie (3) de la chambre (2) et la commu-
nication entre la source de basse pression (6)
et la seconde partie (3) de la chambre (2) sont
maintenues ininterrompues.

Procédé selon la revendication 1, caractérisé en
ce que, lorsque ledit corps (9) est en train de revenir
ou est revenu dans une position de départ rétractée
au maximum, la communication entre la premiére et
la seconde parties (3, 4) de la chambre (2) est inter-
rompue, etlacommunication entre la premiére partie
(3) de la chambre (2) et la source de haute pression
(5) est établie afin de rétablir totalement la pression
dans la premiére partie (3) de la chambre (2).

Procédé selon la revendication 1 ou 2, caractérisé
en ce que la communication entre la premiére et la
seconde parties (3, 4) de la chambre (2) est inter-
rompue, etla communication entre la source de hau-
te pression (5) et la premiére partie (3) et la commu-
nication entre la source de basse pression (6) et la
seconde partie (4) sont maintenues interrompues
lorsque ledit corps (9) a atteint une position en saillie
maximale.

Procédé selon I'une quelconque des revendications
1a3, caractérisé en ce que lacommunication entre
la seconde partie (4) de la chambre (2) et la source
de basse pression (6) est établie lorsque ledit corps
(9) est déplacé dans la chambre (2) et lorsque la
communication entre la premiére partie (3) et la se-
conde partie (4) de la chambre (2) est interrompue
ou est maintenue interrompue.

Procédé selon la revendication 4, caractérisé en
ce que la communication entre la source de basse
pression (6) et la seconde partie (4) de la chambre
(2) est maintenue établie pendant une étape finale
du mouvement de retour du corps (9) dans la cham-
bre (2), afin de permettre au corps (9) de revenir
dans une position de départ rétractée au maximum.

Procédeé selon I'une quelconque des revendications
1 a5, caractérisé en ce que I'établissement/I'inter-
ruption de la communication entre la premiére et la
seconde parties (3, 4) de la chambre (2) est effectué
(e) de maniére électromécanique a I'aide d’un corps
de soupape a solénoide.

Procédé selon 'une quelconque des revendications
1 a6, caractérisé en ce que I'établissement/I'inter-
ruption de la communication entre la premiere partie
(3) de la chambre (2) et la source de haute pression
(5) est effectué(e) de maniére électromécanique a
I'aide d’'un corps de soupape a solénoide.
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Procédé selon I'une quelconque des revendications
1a7, caractérisé en ce que 'établissement/l'inter-
ruption de la communication entre la seconde partie
(4) de la chambre (2) et la source de basse pression
est effectué(e) de maniére électromécanique al'aide
d’un corps de soupape a solénoide (12).

Procédé selon I'une quelconque des revendications
1 a 8, caractérisé en ce que le corps de transmis-
sion d'impulsions de pression (9) forme ou est relié
a une soupape d’entrée ou de sortie a ressort (10)
d’'un moteur a combustion, et en ce que la hauteur
de remontée de la soupape (10) est régulée par une
commande de la pression qui est prévue dans la
premiere partie (3) de la chambre (2), par le biais de
la source de haute pression (5).

Procédé selon la revendication 3, caractérisé en
ce que la durée pendant laquelle la soupape d’en-
trée ou de sortie a ressort (10) est maintenue en
position ouverte est régulée par une commande de
la durée pendant laquelle la communication entre la
premiére et la seconde parties (3, 4) de la chambre
(2) est maintenue interrompue lorsque ledit corps (9)
se trouve en position de saillie maximale.

Générateur d’'impulsions de pression, comprenant

-un corps de transmission d’'impulsions de pres-
sion (9),

- une chambre (2) divisée en une premiere et
une seconde parties (3, 4),

- un premier conduit (7) situé entre une source
de haute pression (5) et la premiére partie (3)
de la chambre (2),

- un second conduit (8) situé entre une source
de basse pression (6) et la seconde partie (4)
de la chambre (2),

- ledit corps (9) étant disposé de maniére mobile
dans la seconde partie (4) de la chambre (2) et
étant en contact, d’'une part, avec un fluide sous
pression dans la chambre (2), et, d’autre part,
avec I'environnement, et étant chargé par res-
sort dans une direction allant vers la chambre

),
caractérisé en ce qu’il comprend

- des moyens (26, 27, 12, 13) destinés a établir/
interrompre la communication entre la premiére
partie (3) de lachambre (2) et la source de haute
pression (5), etdes moyens (26, 27,12, 15) des-
tinés a établir/interrompre la communication en-
tre la seconde partie (4) de la chambre (2) et la
source de basse pression (6), et dans lequel les-
dits moyens sont disposés afin de maintenir la
communication entre la source de haute pres-
sion (5) et la premiére partie (3) de la chambre
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(2) etlacommunication entre la source de basse
pression (6) et la seconde partie (4) de la cham-
bre (2) interrompue lorsque la communication
entre la premiére et la seconde parties (3, 4) de
la chambre (2) est établie et lorsque le corps (9)
se déplace en-dehors de la chambre (2),

- un corps de soupape actionnable (12) destiné
a établir/interrompre la communication entre la
premiére etla seconde parties (3, 4) de lacham-
bre (2), le corps (12) étant disposé afin de main-
tenir la communication établie entre la premiere
et la seconde parties (3, 4) de la chambre (2) de
fagon a rétablir une pression élevée dans la pre-
miére partie (3) de la chambre (2) lorsque le
corps (9), a 'aide du ressort, est déplacé dans
une position de départ rétractée pendant que la
communication entre la source de haute pres-
sion (5) et la premiére partie (3) de la chambre
(2) etlacommunication entre la source de basse
pression (6) et la seconde partie de la chambre
(2) sont maintenues interrompues.

Générateur d’'impulsions de pression selon la reven-
dication 11, caractérisé en ce que le corps de sou-
pape actionnable (12) est un corps de soupape a
solénoide.

Générateur d’'impulsions de pression selon la reven-
dication 11 0ou 12, caractérisé en ce que les moyens
(26, 27, 12, 13) d’établissement/d’interruption de la
communication entre la premiére partie (3) de la
chambre (2) et la source de haute pression (5) com-
prennent un corps de soupape a solénoide (12).

Générateur d'impulsions de pression selon l'une
quelconque des revendications 11 a 13, caractérisé
en ce que les moyens (26, 27, 12, 15) d’établisse-
ment/d’interruption de la communication entre la se-
conde partie (4) de la chambre (2) et la source de
basse pression (6) comprennent un corps de sou-
pape a solénoide (12).

Générateur d’'impulsions de pression selon l'une
quelconque des revendications 11 a 14, caractérisé
en ce que le corps de soupape (12), qui est utilisé
pour établir/interrompre la communication entre la
premiére et la seconde parties (3, 4) de la chambre
(2), forme également un corps de soupape des
moyens d’établissement/d’interruption de la com-
munication entre la premiére partie (3) de lachambre
(2) et la source de haute pression (5).

Générateur d'impulsions de pression selon l'une
quelconque des revendications 11 a 15, caractérisé
en ce que le corps de soupape (12) qui est utilisé
pour établir/interrompre la communication entre la
premiére et la seconde parties (3, 4) de la chambre
(2) forme également un corps de soupape pour les
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moyens (26, 27, 12, 15) d’établissement/d’interrup-
tion de la communication entre la seconde partie (4)
de lachambre (2) et la source de basse pression (6).

Générateur d'impulsions de pression selon I'une
qguelconque des revendications 11 a 16, caractérisé
en ce que les moyens (26, 27, 12, 13) d’établisse-
ment/d’interruption de la communication entre la
premiere partie (3) de la chambre (2) et la source de
haute pression (5) comprennent une partie ayant
une circonférence réduite ou une ouverture dans le
corps de transmission d’'impulsions de pression (9),
ladite partie étant positionnée afin de permettre une
communication lorsque ledit corps (9) est adjacent
a ou dans une position de départ dans laquelle il est
rétracté au maximum dans la chambre (2).

Générateur d'impulsions de pression selon I'une
quelconque des revendications 11 a 17, caractérisé
en ce que les moyens (26, 27, 12, 15) destinés a
établir/interrompre la communication entre la secon-
de partie (4) de la chambre (2) et la source de basse
pression (6) comprennent une partie qui possede
une circonférence réduite ou une ouverture dans le
corps de transmission d’impulsions de pression (9),
ladite partie étant positionnée afin d’établir une com-
munication lorsque ledit corps (9) se trouve prés de
ou dans une position de départ dans laquelle il est
rétracté au maximum dans 1 chambre (2).

Générateur d'impulsions de pression selon l'une
quelconque des revendications 11 a 18, caractérisé
en ce que la premiére partie (3) de la chambre (2)
posséde un volume qui est adapté pour que le fluide
a haute pression recueilli a I'intérieur agisse comme
un ressort de fluide sous pression, dont le déclen-
chement provoque un déplacement du corps de
transmission d’impulsions de pression (9) d’'une po-
sition rétractée au maximum a une position en saillie
contre la charge du ressort qui agit sur ledit corps
(9) dans une direction opposée.

Générateur d'impulsions de pression selon I'une
quelconque des revendications 11 a 19, caractérisé
en ce qu’ilcomprend une unité de commande munie
d’'un programme informatique destiné a contréler les
moyens d’établissement/d’interruption de la com-
munication entre la premiére et la seconde parties
(3, 4) de la chambre (2), entre la premiére partie (3)
de la chambre (2) et la source de haute pression (5),
et entre la seconde partie (4) de la chambre (2) et la
source de basse pression (6) selon'une quelconque
des revendications 1 a 10, sur la base d’une infor-
mation concernant la position d’un piston qui fonc-
tionne dans la chambre de combustion d’'un moteur
a piston.

Moteur a piston muni d’'une soupape destinée a I'in-
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troduction ou a I'évacuation d’air ou d’'un mélange
air/carburant dans une chambre de combustion, ca-
ractérisé en ce qu’il comprend un générateur d’'im-
pulsions de pression selon I'une quelconque des re-
vendications 11 a 20, destiné a actionner ladite sou-

pape.

Moteur a piston muni d’une soupape destinée afaire
varier le volume de cylindre d’'une chambre de com-
bustion dans un moteur a combustion, ledit piston
étant disposé de fagon a pouvoir se déplacer d’avant
en arriere dans un cylindre qui est relié a la chambre
de combustion, caractérisé en ce qu’il comprend
un générateur d’impulsions de pression selon I'une
quelconque des revendications 11 a 20, destiné a
actionner ledit piston.
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